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Abstract. Ulcerative colitis (UC) is a chronic relapsing 
inflammatory bowel disease, yet its etiology and pathogen-
esis remain poorly understood. The aberrant expression of 
T lymphocytes plays an essential role in the progression of 
UC. This study aimed to evaluate the expression profile of 
circulating Th17, Th1 and Tc1 cells in patients with active 
and inactive UC. Our results revealed that the percentage of 
circulating Th17 cells (CD3+CD8-IL-17+) was significantly 
increased in patients with active UC when compared with 
the percentage in patients with inactive UC, Crohn's disease 
(CD) and healthy controls. The percentages of circulating 
Th1 (CD3+CD8-IFN-γ+) and Tc1 (CD3+CD8+IFN-γ+) cells 
were also higher in patients with active UC when compared 
with the percentages in patients with inactive UC and normal 
controls, although levels were lower than that in CD. Further 
analysis showed that Th17 cells were positively correlated 
with Th1 cells, but not with Tc1 cells. Notably, the three 
cells had a positive correlation with disease activity, extent 
of disease, detection of erythrocyte sedimentation rate and 
c-reactive protein in active UC. Moreover, plasma IL-17 
was higher in patients with active UC, and a similar trend 
applied to the mRNA levels of RORγt and T-bet in peripheral 
blood mononuclear cells (PBMCs). The levels of p-STAT3 
and p-STAT5 in PBMCs, as well as the ratio of p-STAT3/p-
STAT5, were also elevated in active UC patients. Taken 
together, our findings revealed that elevated circulating Th17, 
Th1 and Tc1 cells and the aberrant activation of the STAT 
pathway may be implicated in the progression of UC. These 
findings may provide preliminary experimental clues for the 
development of new therapies for UC.

Introduction

Ulcerative colitis (UC), a chronic relapsing inflammatory 
bowel disease (IBD) restricted to the large bowel, is a major 
public health threat worldwide, particularly in China (1,2). 
UC is characterized by periods of remission punctuated by 
clinical exacerbations and frequent relapses. Moreover, 1% of 
UC cases with extensive disease of long duration progress to 
colorectal cancer (CRC) (3). A previous study revealed that the 
immune response plays an important role in the pathophysi-
ology of UC (4), and a cytokine profile with dysregulation of 
both Th1 [producing interferon-γ (IFN-γ)] and Th2 [producing 
interleukin-4 (IL-4)] is implicated in the development of 
UC (5-7). However, it is still unresolved whether a Th1- or 
Th2-type of immune response dominates in UC.

Research has demonstrated that UC is an atypical Th2 
response, and levels of Th1 cytokines (such as IFN-γ mRNA) 
in colonic lamina propria T lymphocytes (CD3+ LPL) are 
reduced (7). However, an abnormality in IL-4 is not observed 
in UC (7,8), and Th2-related cytokines do not appear to be 
useful as predictive markers in relation to the outcome of 
UC patients treated with infliximab (9). Therefore, the Th2 
immune response has not been conclusively demonstrated in 
UC. Other studies have shown that tumor necrosis factor-α 
(TNF-α; a Th1-cytokine) and other cytokines, such as IFN-γ 
and IL-6, are expressed at a high level in blood samples or 
colonic mucosa (10-14), suggesting that a higher Th1 response 
may be closely associated with the development of UC. One 
possible explanation for this discrepancy may be that in 
addition to the local immune response, circulating T lympho-
cytes in peripheral blood mononuclear cells (PBMCs) and 
cytokines may also contribute to this inconsistency, since our 
previous studies revealed that circulating T lymphocytes are 
elevated and implicated in the pathogenesis of several autoim-
mune diseases, including rheumatoid arthritis and immune 
thrombocytopenic purpura (15,16). However, the expression 
profile of circulating T lymphocytes and related cytokines in 
UC remains unclear.

Similar to CD4+ T (Th) lymphocytes, CD8+ T (Tc) 
lymphocytes may also be functionally subdivided into mutu-
ally exclusive type 1 (T1) and type 2 (T2) subsets based on the 
secretion of either IFN-γ or IL-4 (15). Tc cells are able to kill 
target cells directly, and are involved in several autoimmune 
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diseases. However, to date, no data exist concerning the Tc 
cell profile in UC. In addition, recent findings of a newly 
identified CD4+ Th cell subset, known as Th17 cells, may shed 
light on the study of the Th17-mediated immune response 
in UC (17-19). Th17 cells are characterized as preferential 
producers of several cytokines, such as IL-17A (also termed 
IL-17), IL-17F, IL-21, IL-22 and IL-6, and may have evolved 
for host protection against the microbes for which Th1 or Th2 
immunity are not well suited (20). Just as T-bet controls the 
Th1 lineage, the activity of the transcription factor retinoic 
acid-related orphan receptor-γt (RORγt) is required for Th17 
cell differentiation (21). RORγt may be activated by IL-6 and 
IL-23, and consequently enhances Th17 cell development by 
signal transducer and activator of transcription 3/suppressor of 
cytokine signaling 3 (STAT3/SOCS3) in UC and UC-induced 
carcinogenesis (22-24). Moreover, the STAT3 level has been 
found to be associated with aggravation of UC (25). All of 
these data suggest that the RORγt-STAT3-Th17 pathway plays 
an important role in the progression of UC.

The basis for new biological therapy requires new knowl-
edge of immunological molecules that mediate immune 
disorders (26). Therefore, from a clinical point of view, it is 
essential to understand the immune status of UC. To further 
investigate the role of circulating Th17, Th1 and Tc1 cells in 
the pathogenesis of UC, we examined the levels of circulating 
Th17, Th1 and Tc1 cells, and analyzed their correlation with 
clinicopathological features. Moreover, the roles of RORγt and 
STAT pathways in the progression of UC were also evaluated.

Materials and methods

Patients and specimens. Fifty-five patients with active UC 
(24 males, age range 31-72 years, median age 57 years and 
31 females, age range 32-68 years, median age 53 years) 
and 21 patients with UC in remission (9 males, age range 
28-65 years, median age 51 years and 12 females, age range 
31-70 years, median age 55 years) were enrolled in this study 
between August 2008 and June 2010 at the Department 
of Gastroenterology, Qilu Hospital, Shandong University 
(Shandong, China). Patients with active UC were diagnosed 
according to routine clinical, endoscopic and histopatho-
logical features (27). Patient WBC counts ranged from 8.3 
to 14.8x109/l with a median count of 11.6x109/l. The clinical 
characteristics of the patients are summarized in Table I. The 
Ulcerative Colitis Disease Activity Index (UCDAI; score 
0-12) was employed to evaluate the degree of UC, as previ-
ously described (28-30). Patients in remission were enrolled 
in the study according to previously described criteria (29). Of 
the patients in remission, 5 patients had received no medica-
tion 6 weeks prior to sampling, 10 patients received only 
5-aminosalicylic acid, and 6 patients received a combination 
of prednisolone and 5-aminosalicylic acid. In order to exclude 
any potential bias caused by the influence of medicine, 
patients receiving 5-aminosalicylic acid or 6-mercaptopurine/
azathioprine therapies were excluded if the dose had been 
altered within 30 days or within 3 months, respectively. In 
addition, we also recruited patients with Crohn's disease 
(CD) (7 males and 9 females, age range 25-59 years, median 
43 years). Twenty-three healthy volunteers (9 males and 
14 females, age range 23-68 years, median age 49 years) 

with no history of IBD nor other autoimmune diseases were 
recruited as healthy controls. Their WBC counts ranged from 
4.1 to 8.7x109/l with a median count of 6.2x109/l.

Venous blood samples of all subjects were collected in 
heparin-containing tubes. At the same time, plasma was 
collected by centrifugation at 4˚C (3,000 x g for 10 min), 
and then stored at -80˚C until use. The research protocol was 
approved by the Medical Ethics Committee of Qilu Hospital, 
Shandong University, and written informed consent was 
obtained from all subjects prior to conducting the study.

Antibodies and reagents. Phorbol myristate acetate (PMA), 
ionomycin and monensin were from eBioscience (San Diego, 
CA, USA). Ficoll-Paque was from Pharmacia Diagnostics 
(Uppsala, Sweden). PE-Cy5-conjugated anti-CD3, FITC-
conjugated anti-CD8, PE-conjugated IL17A or IFN-γ 
monoclonal antibodies were purchased from eBioscience. 
Anti-human phospho-STAT3, anti-human STAT3, anti-human 
phospho-STAT5 and anti-STAT5 antibodies were purchased 
from Cell Signaling Technology, Inc. (Boston, MA, USA).

Flow cytometric analysis. Intracellular cytokines were 
assessed via flow cytometry to reflect cytokine-producing 
cells, as previously described (15,31). Briefly, heparin-
ized peripheral whole blood (400 µl) was incubated with 
RPMI-1640 medium (1:1) at 37˚C in 5% CO2 for 4 h in 
the presence of PMA (25 ng/ml), ionomycin (1 µg/ml) and 
monensin (1.7 µg/ml). PMA and ionomycin are pharmaco-
logical T cell-activating agents. They have the advantage of 
stimulating T cells of any antigen specificity and may mimic 
signals generated by the TCR complex. Monensin may lead 
to an accumulation of cytokines in the cells since it blocks 
intracellular transport mechanisms.

The cells were stained with anti-CD3 labeled with PE-Cy5 
and anti-CD8 labeled with FITC at room temperature in the 
dark for 15 min. CD3+CD8- T cells were used to delimitate 
CD4+ T cells as CD4 is down-modulated when cells are 
activated by PMA (32). After three washes with PBS, the 
cells were further stained with anti-IL-17A labeled with PE 
for Th17 detection or anti-IFN-γ labeled by PE for Th1 or 
Tc1 detection after fixation and permeabilization according 
to the manufacturer's instructions. Isotype controls were used 
to correct compensation and confirm antibody specificity. 
After another three washes, cells were suspended in PBS and 
then immediately analyzed by flow cytometry (FACScan, 
BD Biosciences Pharmingen). Data from 10,000 events was 
acquired and analyzed by the software WinMDI 2.8.

RNA extraction and quantitative real-time PCR assay. Ten 
milliliters of peripheral blood was obtained from all subjects, 
and PBMCs were isolated by gradient centrifugation on Ficoll-
Paque. PBMCs were then applied to an RNeasy mini-column 
(Qiagen GmbH, Hilden, Germany) and processed according 
to the manufacturer's instructions. The concentration of 
RNA was determined using an Eppendorf Biophotometer 
(Brinkmann Instruments, Westbury, NY, USA).

For reverse transcription-PCR, 1 µg of total RNA 
was converted to cDNA using a reverse transcription kit 
(Fermentas Life Science, USA) in a 20 µl volume. For 
quantitative real-time PCR, cDNA was amplified in triplicate 
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in the LightCycler 2.0 (Roche), with SYBR-Green Real-Time 
PCR Master Mix (Toyobo Co., Ltd.) and primers for T-bet 
or RORγt. GAPDH served as the internal standard. The 
average cycle threshold (Ct) value of triplicate wells with 
each primer set was calculated as the amount of gene product 
present in the sample. The relative gene expression level was 
determined by the ratio between the Ct value for the target 
genes and GAPDH. The cycling conditions were as following: 
pre-denaturation for 30 sec at 95˚C followed by 40 cycles of 
5 sec at 95˚C and 30 sec at 60˚C. The primers are as follows: 
T-bet forward, GTGCTCCAGTCCCTCCATA and reverse, 
TCAGCTGAGTAATCTCGGCA (product size, 166 bp); 
RORγt forward, GCTGGTTAGGATGTGCCG and reverse, 
GGATGCTTTGGCGATGA (product size, 310 bp); GAPDH 
forward, GGTGGTCTCCTCTGACTTCAACAG and reverse, 
GTTGCTGTAGCCAAATTCGTTGT (product size, 126 bp).

Western blot analysis. PBMCs were isolated using Ficoll-
Paque and lysed on ice. Total protein (30 µg) was separated 
by 10% sodium dodecyl sulfate polyacrylamide gels and then 
transferred onto nitrocellulose membranes. The membranes 
were incubated with the primary antibody (1:1,000) overnight 

at 4˚C. The specific horseradish peroxidase-conjugated goat 
anti-rabbit or goat anti-mouse secondary antibody was used 
to blot the target proteins, and the immunoreactivity of target 
proteins was detected using an enhanced chemiluminescence 
(ECL) detection kit.

Enzyme-linked immunosorbent assay (ELISA). The ELISA 
assay was performed on the plasma of all subjects. The 
plasma levels of IL-17 and IFN-γ were determined using 
commercial ELISA kits (IL-17; R&D Systems, Minneapolis, 
MN, USA and IFN-γ; Jingmei, Beijing, China) according to 
the manufacturer's instructions.

Detection of erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP). ESR was measured via the 
Westergren method. Plasma CRP was detected via the rate as 
determined by nephelometry according to the manufacturer's 
instructions. Positive and negative controls were used.

Statistical analysis. Data are mainly presented as means ± SD. 
The SPSS software package (version 13.0; SPSS Inc., Chicago, 
IL, USA) was used for all statistical analyses. The distribution 

Table I. Relationship between circulating Th17, Th1, Tc1 cells and clinicopathological variables in the patients with active 
ulcerative colitis.

Parameters n Th17 (%) P-value Th1 (%) P-value Tc1 (%) P-value

Age (years)
  <50 30 2.97 (2.42-3.53) 0.787 14.00 (11.10-16.90) 0.837 15.69 (9.21-22.17) 0.864
  ≥50 25 3.07 (2.71-3.43)  13.37 (10.84-14.90)  15.24 (10.18-20.30)
Gender
  Male 24 3.01 (2.41-3.61) 0.575 14.35 (8.03-18.77) 0.773 14.91 (10.65-19.17) 0.441
  Female 31 3.05 (2.53-3.58)  16.49 (12.10-20.88)  15.69 (8.74-22.64)
Disease duration
  <10 years 38 2.95 (2.53-3.38) 0.334 14.25 (9.65-18.85) 0.382 14.29 (8.47-20.10) 0.084
  ≥10 years 17 3.18 (2.59-3.77)  16.43 (12.63-20.23)  15.24 (10.18-20.30)
No. of relapses
  <5 27 3.05 (2.72-3.39) 0.73 17.00 (10.57-24.29) 0.537 14.29 (8.29-20.29) 0.644
  ≥5 28 3.06 (2.60-3.52)  15.32 (11.82-18.82)  15.69 (11.32-20.07)
Disease activity
  Mild + moderate 37 2.81 (2.48-3.14) 0.007b 14.38 (7.38-21.38) 0.014a 14.91 (10.36-19.46) 0.016a

  Severe 18 3.48 (2.89-4.07)  17.41 (11.35-21.47)  17.35 (10.17-24.53)
Extent of diseases
  Proctosigmoiditis 18 2.87 (2.07-3.67) 0.001b 14.70 (9.28-20.12) 0.002b 15.89 (12.26-19.52) 0.117
  Left-sided colitis 25 2.86 (2.36-3.36)  18.01 (14.35-21.67)  14.73 (12.12-19.34)
  Total colitis 12 3.65 (3.17-4.13)  21.87 (17.47-26.27)  16.70 (11.37-22.03)
ESR (mm/h)
  <20 26 2.24 (1.81-2.67) 0.001b 13.44 (11.32-15.56) 0.010a 17.04 (12.52-21.56) 0.531
  ≥20 29 3.46 (3.02-3.90)  16.48 (10.08-22.16)  15.86 (12.35-19.37)
CRP (mg/l)
  <25 31 2.73 (2.24-3.22) 0.005b 12.75 (9.54-15.96) 0.001b 14.21 (10.01-18.21) 0.358
  ≥25 26 3.13 (2.81-3.45)  16.12 (11.35-20.89)  16.06 (10.23-21.89)

Data are expressed as median (interquartile range). aP<0.05; bP<0.01. ESR, erythrocyte sedimentation rate; CRP, c-reactive protein.
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of the samples was assessed by the Kolmogorov-Smirnov 
test. Pearson correlation test was applied to analyze the 
correlation of Th17, Th1 and Tc1 cells. Other experimental 
data were analyzed by Kruskal-Wallis test or Mann-Whitney 
U test wherever appropriate. Tukey post-hoc comparison was 
performed when statistical significance (P<0.05) was found 
between observations.

Results

Alteration of the level of circulating Th17 cells in patients 
with active and inactive UC. Our previous studies indicated 
that the level of Th17 cells is elevated in several autoimmune 
diseases, including rheumatoid arthritis and immune throm-
bocytopenic purpura (15,16). To investigate the alteration in 
circulating Th17 cells in UC, we analyzed the expression of 
IL-17 in T cells by flow cytometry, based on cytokine patterns 
after in vitro stimulation by PMA/ionomycin in short-term 
culture. Fig. 1A and B shows a representative dot plot of IL-17 
gated on CD3+ T cells in patients with active UC, inactive 
UC, CD and controls. As shown in Fig. 1C, the percentage 
of circulating Th17 cells (CD3+CD8-IL-17+ T cells) was 
significantly elevated in patients with active UC (2.90±0.73%) 
compared with that in inactive UC (0.98±0.49%, P<0.001), 
CD (1.46±0.67%, P=0.008) and healthy controls (0.87±0.47%, 
P<0.001). Patients with CD displayed an increased percentage 
of Th17 cells when compared with that of the healthy controls 
(P=0.014). However, there was no significant difference 
between inactive UC and healthy controls (P>0.05). Taken 
together, these results suggest that Th17 cells play an impor-
tant role in the progression of UC.

Alteration of the levels of circulating Th1 and Tc1 cells in 
patients with active and inactive UC. Th1 and Tc1 cells 
were identified as CD3+CD8-IFN-γ+ and CD3+CD8+IFN-γ+, 
respectively. A representative dot plot of IFN-γ gated on 
CD3+ T cells in all the subject groups is shown in Fig. 2A. 
The percentage of circulating Th1 cells in the patients with 
active UC was significantly higher (14.45±5.89%) than that 
in the patients with inactive UC (11.27±3.34%, P=0.002) and 
healthy controls (9.85±1.59%, P<0.001), although it was lower 
than that in CD (20.64±7.22%, P=0.004). Meanwhile, the 
percentage of Th1 cells was higher in the patients with CD 
than that in healthy controls (P<0.001) (Fig. 2B). However, 
there was no significant difference between inactive UC 
and healthy controls (P>0.05). Similarly, an increased 
percentage of Tc1 cells was also found in patients with active 
UC (14.61±6.52%) compared with inactive UC (11.32±3.21%, 
P=0.013) and healthy controls (10.16±2.11%, P=0.006). Yet,  
the level of circulating Tc1 cells in CD (20.22±7.22%) was 
higher than that in active UC (P=0.008). No significant differ-
ence was observed between inactive UC and healthy controls 
(P>0.05) (Fig. 2C).

Correlation among Th17, Th1 and Tc1 cells in patients with 
active UC. The correlation of Th17, Th1 and Tc1 cells in UC 
was further investigated. As shown in Fig. 3, the percentage of 
circulating Th1 cells had a significant positive correlation with 
Th17 (r=0.76, P<0.05) (Fig. 3A) and Tc1 cells (r=0.55, P<0.05) 
(Fig. 3B) in patients with active UC. However, no significant 
correlation between Th17 and Tc1 cells was observed (r=0.11, 
P>0.05) (Fig. 3C).

Figure 1. The percentage of circulating Th17 cells was increased in patients with active UC when compared with the percentages in patients with inactive UC, 
CD and healthy controls. Heparinized peripheral whole blood from all subjects was stimulated with PMA, ionomycin and monensin for 4 h, and then stained 
with labeled antibodies as described in Materials and methods. (A) CD3+ T subsets were gated by flow cytometry; the plots in ithe ntern box represent CD3+ 
T cells. (B) Representative IL-17 expression in CD3+CD8- T subsets (CD4+ T subsets) from each group is shown. (C) The level of Th17 cells of all subjects in 
the four groups. *P<0.05 and **P<0.01. UC, ulcerative colitis.
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Correlation of Th17, Th1 and Tc1 cells with clinical param-
eters in patients with active UC. To investigate whether these 
cells were involved in UC progression, the correlation of these 
cells with clinical and laboratory features of patients with 
active UC was analyzed. As shown in Table I, the percentage 
of circulating Th17 and Th1 cells had a positive correlation 
with disease activity (P=0.007 for Th17, P=0.014 for Th1), 
extent of disease (P=0.001 for Th17, P=0.002 for Th1), ESR 
(P=0.001 for Th17, P=0.01 for Th1) and CRP (P=0.005 for 

Th17, P=0.001 for Th1) in the patients with active UC, while 
the percentage of circulating Tc1 cells had a correlation with 
disease activity of patients with active UC (P=0.014).

Levels of Th17 and Th1 cytokines in patients with active UC, 
inactive UC, CD and healthy controls. We further investigated 
the concentration of Th17 and Th1 cytokines in plasma. Fig. 4A 
shows that the plasma level of IL-17 was higher in patients with 
active UC (17.08±6.44 pg/ml) when compared with the level 

Figure 2. Expression of circulating Th1 and Tc1 cells in patients with active and inactive UC, CD and healthy controls. Heparinized peripheral whole blood 
from all subjects was stimulated with PMA, ionomycin and monensin for 4 h, and then stained with labeled antibodies as described in Materials and methods. 
(A) Representative IFN-γ expression in CD3+CD8- T subsets (Th1, CD4+ T subsets) and CD3+CD8+ T subsets (Tc1) from each group is shown. (B and C) The 
level of Th1 and Tc1 cells of all subjects in the four groups. *P<0.05 and **P<0.01. UC, ulcerative colitis.

Figure 3. Correlation of Th17/Th1, Th1/Tc1 and Th17/Tc1 cells in patient 
with active ulcerative colitis. (A) The percentage of Th17 cells was positively 
correlated with the percentage of Th1 cells. (B) The percentage of Th1 
cells was positively correlated with the percentage of Tc1 cells. (C) The 
percentage of Th17 cells had no correlation with the percentage of Tc1 cells.
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in patients with inactive UC (12.00±4.12 pg/ml, P=0.034), CD 
(13.12±3.07 pg/ml, P=0.011) and controls (9.46±4.34 pg/ml, 
P=0.001). However, no significant difference in plasma IFN-γ 
was observed between active UC (23.14±11.72 pg/ml), inactive 
UC (22.57±7.82 pg/ml), CD (20.42±7.42 pg/ml) and controls 
(24.09±10.39 pg/ml) (Fig. 4B).

RORγt and T-bet are upregulated in patients with active 
UC. Previous studies have indicated that Th1 and Th17 cell 
differentiation requires T-bet and RORγt, respectively (21). 
Therefore, we assessed the expression of T-bet and RORγt 
in PBMCs. Fig. 5A shows that the mRNA level of RORγt 
in patients with active UC was significantly higher when 
compared with that in patients with inactive UC, CD and 
healthy controls (P=0.020, 0.011, 0.001, respectively). 
Moreover, a significantly increased RORγt mRNA was 
observed in patients with CD compared with healthy controls 
(P=0.032). Similarly, T-bet mRNA was upregulated in 
patients with active UC compared with that in inactive UC 
and healthy controls, although it was lower than that in CD 
(P<0.01) (Fig. 5B).

Expression of STAT3 and STAT5 in patients with active 
UC, inactive UC, CD and controls. STAT3 and STAT5 
have been reported to play an important role in Th17 cell 
differentiation (33,34). Here, we investigated the expression 

of STAT3 and STAT5 in all subjects. Our data revealed that 
the phosphorylation of STAT3 and STAT5 was increased 
in PBMCs of patients with active UC, inactive UC and CD 
when compared with the healthy controls (P=0.001, 0.007, 
0.001 for p-STAT3; P=0.020, 0.014, 0.015 for p-STAT5, 
respectively) (Fig. 6A and B). To further investigate which 
STAT was dominant in the regulation of Th17 differentiation, 
we calculated the ratio of p-STAT3/p-STAT5 (Fig. 6C) and 
found that the ratio was higher in patients with inactive UC 
(P=0.021) and CD (P=0.011) than that in the healthy controls. 
Furthermore, the ratio was higher in patients with active UC 
when compared with the ratio in patients with inactive UC, 
CD and healthy controls (P=0.005, 0.040, 0.005, respectively).

Discussion

Ulcerative colitis is a global health issue. Research findings in 
recent years has revealed that the imbalance of T lymphocytes 
plays an important role in the pathogenesis of UC (6). In the 
present study, our results revealed that levels of circulating 
Th17, Th1 and Tc1 cells were significantly increased in 
patients with active UC, and the percentage of Th1 cells was 
correlated with that of Th17 and Tc1 cells. These cells were 
positively correlated with disease activity or extent of disease, 
ESR and CRP in active UC patients. Moreover, the mRNA 
levels of RORγt and T-bet, and the phosphorylation of STAT3 

Figure 4. Expression of plasma IL-17 and IFN-γ in patients with active UC, inactive UC, CD and healthy controls. Levels of plasma (A) IL-17 and (B) IFN-γ 
were measured by ELISA in patients with active UC, inactive UC, CD and healthy controls. Each bar represents the mean ± SD. *P<0.05 and **P<0.01. UC, 
ulcerative colitis.

Figure 5. Expression of RORγt mRNA and T-bet mRNA in patients with active UC, inactive UC, CD and healthy controls. Levels of (A) RORγt mRNA and 
(B) T-bet mRNA were measured by real time-PCR in patients with active UC, inactive UC, CD and healthy controls. Each bar represents the mean ± SD. 
*P<0.05 and **P<0.01. UC, ulcerative colitis.
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and STAT5, were upregulated in PBMCs of patients with 
active UC. Therefore, we hypothesized that aberrant expres-
sion of circulating Th17, Th1 and Tc1 cells, and the abnormal 
activity of the STAT pathway play important roles in the 
pathogenesis of UC. These findings may help to broaden our 
knowledge concerning the immunopathological role of these 
cells in the progression of UC.

Dysregulated immune activity involving the CD4+ T cell 
component is suspected to be an initial or additional factor 
for the progression of UC (6). Most studies have demonstrated 
a Th1 polarization of the immune response based on the 
findings that pro-inflammatory cytokines IL-6 and TNF-α 
are the predominant cytokines in UC (12,13). In contrast, 
other studies have yielded inconsistent results, indicating that 
IL-10 is overexpressed in mucosal T cells, and suggesting 
that UC is a disease with a Th2-type immune response (7). It 
should be noted that these studies examined the expression of 
cytokines only in a local environment, and are insufficient to 
evaluate the general immune status of UC. Increased levels 
of circulating T lymphocytes and related cytokines have been 
recently reported in several autoimmune diseases (15,16). 
Therefore, we focused on the peripheral immune status of 
UC, and our findings revealed that the level of circulating Th1 
cells was increased in patients with active UC, although the 
level was lower than that in CD. A similar trend also applied 
to T-bet mRNA in these groups. Further analysis showed that 
Th1 cells were positively associated with disease activity and 

extent of disease, ESR and CRP in active UC patients. These 
results indicate that UC may be characterized by a mixed 
profile rather than a Th2 cytokine profile, which may help to 
advance our understanding of the immune status of UC.

IL-17 is an ~20-kDa glycoprotein of 155 amino acids. 
It has been reported that IL-17 induces pro-inflammatory 
cytokine production by macrophages, which subsequently 
creates a link between innate and adaptive immunity (35). 
IL-17 is theoretically prone to Th17 differentiation and 
averse to Treg cell differentiation, and plays a role in host 
defense against bacteria and fungi (19). A previous study 
showed that IL-17 expression is correlated with increased 
Th1 cells in the pathogenesis of IgG4-related sclerosing 
sialadenitis (36). To date, information is scarce concerning 
the precise profile of circulating Th17 and Th1 cells, and 
the cytokines generated by them in the whole blood of UC 
patients. Our findings revealed that levels of circulating 
Th17 and Th1 cells in active UC patients were significantly 
upregulated, which is consistent with the fact that elevated 
expression of IFN-γ and Th17 cytokine genes in mucosa was 
found to be positively correlated with the disease activity of 
UC (9,37). We further found that the elevated levels of Th17 
and Th1 cells were positively correlated with disease activity 
and extent, plasma CRP and ESR level, and laboratory 
parameters that are commonly utilized to reflect disease 
activity of active UC (30,38). Moreover, the percentage of 
circulating Th17 was higher in active UC than that in CD, 

Figure 6. Expression of p-STAT3 and p-STAT5 in patients with active UC, 
inactive UC, CD and healthy controls. The expression levels of (A) p-STAT3 
and (B) p-STAT5 in PBMCs were determined by western blotting in patients 
with active UC, inactive UC, CD and healthy controls. One representative 
sample is shown. Graphs show the quantitation of STAT3 and STAT5, 
respectively. (C) The ratio of p-STAT3/p-STAT5 was calculated. *P<0.05 
and **P<0.01. UC, ulcerative colitis.
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although the cytokine profile of CD is characterized by a Th1 
pattern (39). All of these data suggest that Th1 and Th17 cells 
play an important role in the development and progression of 
UC, and their close relationship with clinical parameters and 
laboratory features implicate a potential parameter for the 
diagnosis and differential diagnosis of UC. Further studies 
involving a greater number of patients may clarify their 
usefulness in UC.

Th17 cell differentiation requires the activity of RORγt, 
one subtype of RORγ (21). Our results revealed that the 
mRNA level of RORγt in PBMCs was increased in active UC 
when compared with levels in inactive UC and CD. A previous 
study demonstrated that immune-deficient (RAG1-deficient) 
mice receiving T cells transferred from RORγt-deficient mice, 
which lack a transcription factor necessary for production of 
Th17 cytokines (ie, IL-17A, IL-17F or IL-22), failed to develop 
colitis (40). Notably, when treated with exogenous IL-17A, 
mice may develop colitis, suggesting that RORγt plays a 
preliminary role to IL-17 in the development of UC. This 
hypothesis is also supported by a further experimental model. 
RAG1-deficient mice that received T cells with normal RORγt 
expression but lacking the capacity to produce the individual 
Th17 cytokine presented with full-blown colitis (40). It has 
been reported that when appropriate stimuli (such as IL-12) 
exist, then cells of the Th17 lineage are plastic and differen-
tiate into Th1-type cells (41). Thus, one possible explanation 
is that transfer of RORγt-deficient T cells may lead to a great 
reduction in IFN-γ production, and consequently induce the 
development of UC. These studies provide a basic framework 
with which to understand the immunopathogenesis of UC. In 
addition, several upregulated inflammatory factors in patients 
with UC, such as IL-6, TGF-β and IL-23, may induce RORγt 
expression (13,23). However, their expression levels were not 
explored in this study.

Cytokine signaling pathways involving transcription 
factors of the STAT family play a key role in the pathogenesis 
of UC. STAT proteins are latent cytoplasmic transcription 
factors that induce transcription upon phosphorylation, dimer-
ization and nuclear translocation (25). As two major members 
of the STAT family, the relative activation of STAT3 and 
STAT5 directly dictates the outcome of IL-17 production (42). 
Our results demonstrated that the level of p-STAT3 was 
higher in patients with active UC when compared with the 
level in patients with inactive UC. This is consistent with 
observations that upregulation of STAT3 is associated with 
aggravation of UC (25). Notably, in the present study, the 
level of p-STAT5 was also increased, although it has been 
reported that action of STAT5 mediated by IL-2 opposes 
Th17 cell differentiation (34). This may be because STAT5 is 
also expressed in other blood cells, such as B cells and CD8+ 
T cells (43). Further experiments must be design to analyze 
the expression of STAT5 in different subgroups of T cells. 
However, the ratio of p-STAT3/p-STAT5 was higher in active 
UC patients than that in inactive UC and healthy controls, 
thereby suggesting that STAT3 is predominant in active UC. 
The ratio was still higher in patients with inactive UC when 
compared with the ratio in the controls and this may be a 
reason for the relapse of UC. Taken together, our findings 
indicate that i) STAT3, but not STAT5, predominates in the 
progression of UC, and ii) the role of the STAT family in Th17 

cells are disease specific. In addition, the JAK-STAT pathway 
and activated STAT3, induced by IL-6, IL-21 and IL-23, are 
implicated in Th17 differentiation and function by binding 
to the IL-17A promoter directly as shown by ChIP, and are 
regarded as a critical component of Th17-dependent autoim-
mune processes (22,23). This suggests that other molecules 
may be required for this process, and further experiments are 
required to test these possibilities.

Plasma IL-17 and IFN-γ levels were also evaluated in our 
study. IL-17 was elevated in active UC, and these results are 
compatible with flow cytometric data. Notably, our findings 
showed that plasma IL-17 was higher in active UC than in 
CD. However, Fujino et al (44) revealed that IL-17 is higher in 
CD than in UC. This discrepancy is possibly due to the ethnic 
distinction or the differences in procedure and patients in our 
experiments. Notably, there was no significant difference in 
plasma IFN-γ expression, although a difference was observed 
by flow cytometry. The reason may be due to the fact that: 
i) cytokines in the plasma were at a low level; ii) the cells 
measured by flow cytometry were stimulated with PMA and 
ionomycin while the blood used for ELISA was not treated as 
described in Materials and methods; and iii) the methods used 
had different sensitivities, i.e., flow cytometry may be more 
sensitive than ELISA.

Our findings suggest that levels of circulating Tc1 cells 
are also increased in UC and are positively related to Th1 
cells, which is in line with a previous study that found that 
the predominance of Th1 and Tc1 cells contributes to the 
pathogenic mechanism in IgG4-related sclerosing sialad-
enitis (36). This indicates that Tc cell-mediated cytotoxicity is 
an alternative mechanism for active UC, and that predominant 
Tc1 cells, probably accompanying a Th1 response, may play 
a cooperative or synergetic function through production of 
IFN-γ under the influence of a particular microenvironment. 
This is in line with previous findings that IFN-γ-producing 
CD8+ lymphocytes are increased in the PBMCs of patients 
with UC by co-incubation with epithelial cells (45). In addi-
tion, an aberrant T-cell function has been indicated in UC 
with abnormal cytokine profiles correlated to loss of immune 
tolerance (46). A detailed phenotypic and functional analysis 
of this subset is warranted.

In conclusion, elevated levels of circulating Th17, Th1 and 
Tc1 cells, as well as abnormal activity of the STAT pathway, 
may be implicated in the progression of UC. Our findings may 
help to broaden our understanding of the immunopathological 
role of circulating T lymphocytes in the progression of UC.
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